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e  chealcal  vapour/teposltloij./'^f^hln  for 

spray  pyrolyai^/^rocess descritetf for  tha 

t*<aA«**  mw^  ^«l«4  A_  #«.rv.a 


Details  are  presented  for  the  cheeicsl  vapouy  deposltlop^f  thin  f^las  for 

ACTFBL  davlcas.  An  aerosol  spray  pyrolyai^/proceM^4^  describ^d^for  the 

deposition  of  Insulating  oxide  layers,  ^l^^'and  ^Tl^^  froe 

acetylacetonate  solutions,  alkoxldes  and  substituted  alkanoates.  The 

general  applicability  of  this  process  to  other  oxide  layers  Is  clearly 

deeonstrated.  The  deposition  of  the  active  ZnS.Mn  layer  by  ateospherlc 

and  low  pressure  cheelcal  vapour  deposition  Is  reported.  Zinc  diethyl 
n  rt  ^ 

dlthlocarbaeate,  (Zn( (0211^)2^^82)2  been  used  In  both  processes.  This 
work  has  lad  to  the  developoent  of  the  first  reported  all  CVD  ACTFEL  device 


structure. 


Introduction 


This  report  covers  the  contimistlon  of  the  «ork  Inttlslly  reported  for  the 
periods  IS  October-30  Noveeber  1987,  1  Decenber  1987-31  January  1988  and 
1  February  to  31  March  1988. 


Thin  Flln  Source  Materials 
Synthesis 

Source  naterlals  have  been  synthesised  only  vhen  suitable  naterlals  are  not 
coasMrelally  available.  The  ASP  process  has  a  relatively  wide  tolerance 
for  source  type  and  this  allowed  us  to  enploy  nany  connercially  available 
organonetalllc  conpounda. 

Preparation  of  Acetylacetonates 

The  netal  acetylacetonates  (M  s  Y,  Al,  Zr)  were  prepared  using  the  anhydrous 
■etal  halides,  dissolved  In  a  suitable  solvent,  In  a  quantitative  reaction 
with  acetylacetone. 


e,g.  ZrCl^  +  4CjHg02  - y  Zr(acac)^  +  4HC1 

acetylacetone  Pet. ether 


Preparation  of  Yttrlun  2, 2.6.6  -  tetraeethylheptan-2.5-dlone  Y(thd)j 

Y(thd)^  can  he  prepared  using  the  anhydrous  yttrlue  halide  In  reaction  with 
3, 3,6, 6-tetranethylheptan-2, 5-dlone. 

YClg  +  3thd  - etlMnol - ^  Y(thd)j  +  3  HCl 

Any  excess  water  present  prior  to  the  reaction  can  be  rewoved  by  the  addition 
of  thlonyl  chloride. 

SOClj  *  HjO  - y  SO,  *  ZHCl 

Preparation  of  Lead  2-ethylhexanoate 

An  aqueous  solution  of  sodlua  hydroxide  and  2-ethylhsxanolc  acid  was  added  to 
a  lead  acetate  solution,  resulting  In  the  fometlon  of  a  viscous  liquid  which 
was  characterised  as  lead  2-etbylhexanoate. 


Pb(0Ac)2(ag)  ♦  OKC^R^XXl^HCag) 

NsnDag) 

^C-CII(C3«,)3CII, 


I 


emiagi 


Initial  ConaldT>tlon«  of  Solution  Sourcaa  for  the  ASP  Process 


a)  Alualniiui  Oxide, 

Three  principal  source  eaterlals  have  been  exaeined  in  the  ASP  process; 


(1)  aluainiuB  acetyl  acetonate 


A1 


(ii)  aluelnlum  s-  butoxide 


H 

I 

CH,-CH,-C-0 
3  2  I 

CH, 


-A1 


(iii)  alualnlua  i-  propoxide 


H 

I 

CH,-C-0^-Al 

^  I 

CH, 


Al(acac)^ 

(pale  yellow  solid) 


A1  (s-OBu)g 

(colourless,  viscous 
liquid) 


Al  (l-OPr)g 
(colourless  solid) 


Initial  ASP  trials  with  these  source  aaterials  indicated  that  they 

would  all  be  eaployed  to  dejioslt  thin  fllas  of  Al^O^.  In  a  practical 

consideration,  the  use  of  a  liquid,  e.g.  AKs-OBu)^,  would  be  aost 

convenient  as  this  would  allow  us  to  aost  easily  prepare  solutions  with 

few  solubility  restrictions  for  the  ASP  process.  However,  it  was  found 

that  the  alkoxides  such  as  Al(l-OPr)-,  Al(k-OBu).,  are  extroMly  aoisture 

3  3 

sensitive  and  hydrolysis,  with  tbe  foraatlon  of  hydrous  oxides  readily 
occurs  at  the  nebuliser,  thus  preventing  its  continuous  use.  AKaeae)^ 
presented  siailar  probleas,  but  in  this  case  due  to  its  Halted 
solubility  In  solvents  Mltable  for  tbs  ASP  process.  A  suitable 


a 


Preparation  of  Zinc  PlathyldlthloorbaiMta 


The  zinc  dlethyldlthlocarbaaate  vaa  prepared  by  reaction  of  carbon 
disulphide  and  dlethylaaine  under  a  cold  basic  regiae,  and  subsequent 
reaction  with  an  aqueous  zinc  acetate  solution. 


(1)  CS,  + 

/ 

Bt 


MS*  -  H^O 


(11) 


NS*  SjCNBt^ 


+  ZnCOAc)^ 


This  aethod  can  be  used  to  prepare  other  dialkyldlthiocarbaaates  of  zinc. 
Purification  of  the  product  was  carried  by  solvent  extraction  and  recrystal- 
llsatlon,  resulting  In  zinc  dlethyldlthlocarbaaate  crystals  of  high  purity. 

The  sodlua  levels  were  below  the  detection  Halts  of  atonic  absorption  analysis. 


solvent  systea  auat  bs  volatile  enough  to  allow  coaplete  vapour¬ 
isation  prior  to  entry  into  reaction  zone,  but  eust  not  be  so 
volatile  as  to  allow  solvent-solute  separation  at  the  nebullser 
(oauslng  blockages)  or  too  farfroethe  reaction  zone  thereby 
resulting  in  preoature  decoaposltion  in  the  gas  phase  and  producing 
powdery  deposits  on  the  substrata. 

It  was  found  that  solvent  elxtures  such  as  1:3  dlacetone  alcohol, 
butanol  or  butan-2-ol  are  suitable  for  the  dissolution  of  Al(aeac)^ 
and  will  allow  continuous  operation  of  the  nebullser.  However,  this 
elxture  is  considerably  acre  difficult  to  vapourise  and  even  at 
relatively  high  substrate  teaperatures,  saall  scale  or  localized 
non-unifora  fila  growth  is  observed.  Further  dilution  of  this  aixture 
with  a  Bore  volatile  solvent,  e.g.  propanone,  and  with  Al(acac)^  con¬ 
centrations  <O.OSI(,  proved  to  be  suitable  for  continuous  operation  of 
the  nebullser  and  allowed  saooth  solvent-solute  separation  and  source 
decoaposltion  to  occur  such  that  clear,  defect-free  thin  files  of 
Al20g  could  be  produced.  Under  the  present  deposition  conditions, 
a  0.03M  solution  of  AKacac)^  in  a  1;3;4  solvent  aixture  of  dlacetone 
alcohol,  butan-2-ol  and  propanone  has  been  deterained  to  be  suitable. 

b)  Zirconiua  oxide,  ZrO^ 

ZrO^  source  aaterials  again  offered  two  basic  types,  the  acetylacetonates 
and  the  alkoxides.  The  following  have  been  investigated  for  use  in  the 
ASP  systea: 


(1)  zirconiua  acetylacetonate 


Zr(acac)^ 

(pale  yellow  solid) 
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(11)  ZlrconluB  n-  butoxlds 


^Hg-CHj-CHglCHj-oi  Zr  Zr(OBu)^ 

(Straw  yellow  liquid) 

Once  again.  It  was  found  that  both  source  types  could  be  ewployed  In 
the  ASP  syatew  but  the  Influence  of  hydrolysis  In  the  alrconluw 
alkoxldes  proved  to  be  a  Halting  factor,  and  Zr(acac)^  was  the 
preferred  choice.  A  slallar  solvent  systea  to  that  eaployed  with 
Al(acac)^  was  found  to  be  suitable,  but  soaewhat  higher  solution 
concentrations  (up  to  0.04M)  could  be  eaployed  without  encountering 
nebuliser  blockage  probleas. 

c)  Lead  Tltanate,  PbTlO^ 

Source  aaterlals  available  for  Investigation  were; 

Lead  acetylacetonates 
Lead  alkanoates 
Tltanlua  alkoxides 

As  an  Initial  choice  for  investigation,  lead  2-ethylhexanoate  and 
tltanlua  ethoxlde  were  selected  for  solution  and  tbemal  coapatibility 
testing. 


Pb(2eH)2 

(viscous  colourless 
liquid) 

T1  (Oft)^ 

(colourless  liquid) 


This  turned  out  to  be  a  good  first  choice  of  source  aaterlals,  and 
allowed  us  to  deposit  thin  fllas  of  coaposltion  PbTlO^  quite  readily 
and  with  no  particular  probleas  enoountered  in  aist  generation. 
Solutions  found  to  be  aost  effective  were  0.025M  in  each  coaponent 
and  aade  up  In  a  solvent  alxture  of  20V  aoetyl  acetone,  the  reaalnder 
being  prapan-2-ol.  Carrier  gas  to  the  nebuliser  was  1;1  at 

flow  rates  of  te^/aln. 
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d)  Lead  Titanata  from  mixod  Alkoxldas 


PbT10„(0Pr).  «aa  synthaslsad  as  previously  described  and  dissolved  in 
2  2 

ethanol  to  O.OSM.  Initial  trials  elth  this  natsrlal  did  not  prove 
to  be  very  successful,  possibly  due  to  it  having  a  relatively  high 
dscoaipoaltlon  teeperature. 


e)  Yttriue  oxide,  Y^Og 


Initial  work  has  centred  on  the  investigation  of  yttriue  acetylacetonate 
and  trls  (2,2,6,6-tetraoethyl-3,5-heptanedlonato)  yttriue. 


Y(acac)g 

(colourless  solid) 
e.p.  138-140“c 


YCthd)^ 

(colourless  solid) 
e.p.  155-159°C 


Thus  far,  only  Halted  success  has  been  obtained  in  the  ASP  deposition 
process,  and  further  work  is  required  to  Investigate  solvent  systees 
and  the  use  of  yttriue  alkoxides.  However,  it  has  been  found  that 
both  coepounds  will  yield  Y„0_  thin  files  If  vapourised  under  low 
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pressure  conditions  with  an  air/oxygen  bleed  gas. 


f)  Nioblin  aiul  Tantalua  oaldas,  ^2^2'  ^*2^5 


I 


! 

i 


i 


Sourca  aatarlals  of  tba  alkoxldaa  have  now  bean  obtained,  but 
theaa  have  not  yet  bean  evaluated. 


»b.  Ta 


(®tO),Mb 

(colourless  liquid) 

e.p.  6°C  b.p.  142°C/0.1eB 

(KtO)jTa 

(colourless  liquid) 
e.p.  50®C  b.p.  189“c/10mi 


In  this  case,  the  choice  of  suitable  ASP  source  naterlals  is  relatively 
Halted  due  to  their  extreae  aolsture  sensitivity,  and  aodiflcatlons 
to  the  ASP  systea  are  required.  Both  source  aaterlals  can,  however, 
be  employed  In  a  conventional  APCVD  systea. 


Thin  F1I«  Deposition 


Three  deposition  systens  have  been  enployed: 

(1)  ASP  (Aerosol  Spray  Pyrolysis  for  Insulating  Oxides. 

(11)  APCVD  (Atnospherlc  Pressure  Cheelcal  Vapour  Deposition) 
tor  nanganese  doped  zinc  sulphide. 

(ill)  LPCVO  (Low  Pressure  Chealcal  Vapour  Deposition)  for 
aanganese  doped  zinc  sulphide. 

(1)  ASP: 

The  ASP  process  relies  on  the  generation  of  a  fine  alst  from  a 
solution  containing  the  active  component(s) ,  (CVD  precursors), 
the  alst  being  transported  by  a  carrier  gas  to  the  heated  reaction 
zone . 

The  carrier  gas,  usually  a  1:1  oxygen-nitrogen  alxture,  is  eaployed 

3 

in  the  floe  range  3-4  da  /aln.  The  alst  Is  transported  via  a 
stainless  steel  tube  to  a  horizontal  rectangular  tube  reactor 
(Internal  dlaenslons  37ca  length  x  4.5  ca  width  x  2. Oca  height) 
with  a  3KW  heater  placed  beneath  It. 

Glass  substrates  (dlaenslons  7. Sea  length  x  3.6ca  width  x  l.Saa 
thickness)  with  two  3.0aa  ITO  tracks  have  been  used  throughout  this 
work.  Sheet  resistance  of  the  ITO  (aeasured  by  linear  4  point  probe) 
Is  Rshe20(l/a  and  thickness  <«0.254a.  Substrates  are  held  In  the 
recess  of  a  aetal  platfora  specially  prepared,  with  a  chroael- 
aluael  theraocouple  laplanted  In  the  substrate  platfora,  the  probe 
being  supported  by  a  stainless  tube  and  fitting  approxlaately  S.Oaa 
below  the  centre  of  the  substrate. 
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(11)  APCVD: 


An  APCVD  aystea  haa  been  eaployed  to  depoalt  ZnS.Mn  thin  fllaa 
froa  a  aolten  source  of  zinc  dlethyldlthlocarbaaate,  with  TCM 
aa  the  vapour  source  of  aanganese.  The  systeas  were  described 
In  previous  reports. .  Both  the  source  and  substrate  are 
contained  within  an  «>100ca  boroslllcate  tube  of  l.d.  '«<4,8cn, 
and  separated  by  ~18ca  hot  zone  normally  set  at  the  same  temperature 
as  the  source.  This  tube  Is  fitted  with  Inlet  ports  for  the  main 
carrier  gas  flow  and  TCM  vapour,  and  an  exit  port  for  waste  gas. 
Substrates  sit  In  a  recess  In  a  high  purity  graphite  platform 
supported  by  a  stalnl  ss  steel  tube  containing  a  chrome l-alumel 
(CA)  theniocouple.  The  substrate  platform  Is  held  at  a  shallow 
angle  (/»<5°)  to  the  gas  flow  stream.  The  source  Is  contained  in  a 
rectangular  silica  boat  (~5g  max.  loading),  this  being  enclosed 
by  a  high  purity  graphite  tube  with  Inlet  and  exit  ports  such  that 
the  carrier  gas  Is  directed  over  the  molten  source.  The  graphite 
source  holder  Is  similarly  supported  by  a  stainless  steel  tube  with 
a  CA  thermocouple,  the  probe  being  sited  a  few  mm  beneath  the  silica 
boat.  Two  IKW  heaters  («*llca  length)  are  employed  to  heat  the 
source  and  substrate.  Temperature  controllers  maintain  temperatures 
of  substrate  and  source  holder  to  within  +  1®  of  the  sot  point.  The 
carrier  gas  Is  usually  high  purity  nitrogen,  flow  rates  being  controlled 
by  simple  rotaflow  meters  over  the  range  200- lOOOcm Vein  In  the  main 
flow  Input  line  and  lO-lOOcm  /min  In  the  TCM  bubbler.  The  TCM  is 
contained  In  an  ambient  temperature  bubbler  and  is  diluted  to  sVo 
with  an  Inert  hydrocarbon  solvent  such  as  decalln,  to  bring  TCM 
vapour  concentrations  within  the  correct  range  with  respect  to  the 
amount  of  ZnS  being  'cracked  out*  of  the  zinc  dlethyldithlocarbamate. 
Source  temperatures  may  be  eaployed  in  the  range  180®(mp  ^  178°C)  to 
230®C  And  substrate  temperatures  In  the  range  380-450®C.  Typical 
vapour  concentrations  are  in  the  range  10  -  10  eol/de  ,  for  the 

zinc  dlethydithlocarbaaate.  At  a  substrate  temperature  of  400®C, 
growth  rates  are  A0.2^m/h.  Film  uniformity  la  obviously  difficult 
In  a  circular  section  reaction  tube,  however,  over  the  central  region 
of  a  substrate.  It  Is  within  two  Interference  dolcuvt  over  a  3-4cn  x 
1.5-2. 0cm  area. 


B 


(lit)  LPCVD; 


In  addition  to  the  ataospheric  pres.°ure  deposition  system,  thin 
films  of  ZnS.Mn  have  been  deposited  under  reduced  pressure  conditions. 
Essentially,  this  system  consists  of  a  12cm  i.d.  borosilicate  tube, 
tapering  to  a  4. Sen  i.d.  tube  at  one  end.  Both  ends  have 

broad  glass-glass  flange  end  seals.  The  narrow  inlet  end  has  access 
ports  for  the  input  of  a  bleed  gas,  TCM  vapour,  a  stainless  steel 
tube  with  an  enclosed  thermocouple,  and  a  Pirani  gauge  head.  The 
stainless  steel  tube/tliermocouple  is  implanted  into  a  graphite  source 
holder  enclosing  the  source  material  in  a  silica  boat.  In  this  case, 
the  graphite  source  holder  does  not  have  Inlet/exit  holes  for  a  carrier 
gas,  rather  it  has  multiple  (MO.Smm  dia.)  holes  in  the  lid.  The  wider 
diameter  tube  is  fitted  with  an  exit  port  for  waste  gases,  leading  to  a 
liquid  trap,  a  port  for  a  steel  tube  (enclosing  a  thermocouple) 
implanted  in  a  large  graphite  substrate  platform.  This  platform  will 
support  three  7.5  x  3.6cm  ITO/glass  substrates.  Heating  the  substrate 
platform  is  via  a  12cm  dia.  x  45cm  length,  3KW  tube  furnace  and  a  small 
(^llcm  length,  IKW  tube  heater  for  the  source.  The  system  is  evacuated 
by  a  2-stage  rotary  pump,  normally  to  a  base  pressure  of  >«10  torr. 
Nitrogen  gas  is  the  preferred  bleed  gas  with  typically  20  torr  on  the 
main  gas  input  line  and  2.5  torr  in  a  5%  TCM  solution,  contained  within 
a  low  pressure  bottle  fitted  with  needle  valves  on  inlet  and  exit  ports. 

Substrate  temperatures  have  been  employed  in  the  range  400-450°C 
and  total  pressures  in  the  range  15-25  torr.  In  this  case,  the  source 
may  be  employed  at  temperatures  below  its  m.p.  ("•178°C),  but  within 
the  pressure/temperature  ranges  investigated  to-date,  source  temperatures 
of  190-200°C  are  preferred  in  terms  of  film  growth  characteristics. 

A  typical  operating  sequence  is  as  follows; 

“2 

1)  ..pump  down  the  loaded  system  to  ~10  torr. 

2)  with  the  TCM  battle  closed,  heat  substrate  to  ‘^400°C  and 
maintain  until  original  base  pressure  is  achieved. 

3)  raise  system  pressure  to  20  torr  with  mainline  bleed  gas. 

4)  raise  source  temperature  to  desired  value,  e.g.  200°C. 

5)  open  set  point  needle  valves  on  TCM  bottle  and  raise  system 
pressure,  e.g.  to  2S  torr. 

6)  typical  running  times  are  2-4  hours  to  sequenced  close  down. 
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LPCVD 


Source 

Teaperature 

Bleed  Gas 

Total  Pressure 

TCM  Pressure 

^"(StjdtCj)^ 

TCM  S%  In 
Oecalln 

190* 

aablent 

"2 

25  torr 

5  torr 

Substrate  teaperature 
400^ 

Tiae 

4  hrs. 

Deposition  Area 
Blca* 

ZnS:lln  thin  tllM  deposited  on  glass  substrates  at  400°C  exhibit  only  one 
XRD  peak  with  d  s  3.118.  This  corresponds  either  with  the  (111)  reflection 
of  the  sphalerite  structure  or  the  (002)  reflection  of  the  wurtzite  structure. 

Siellarly  grown  files  deposited  on  ASP  produced  ZrO^  layers  show  a  diffraction 
pattern  with  reduced  preferred  orientation.  Data  for  this  is  presented  below; 


20 

d 

(hkl) 

I/lo 

ASTM  d  value 

26‘*48’ 

3.32 

100 

6 

3.309 

28®45' 

3.103 

002 

100 

3.128 

39°24 ' 

2.285 

102 

11 

2.273 

51®33' 

1.771 

103 

10 

1.764 

59‘’48’ 

1.569 

004 

1 

1.564 

82°09' 

1.172 

105 

4 

1.170 

This  data 

indicates  that 

zinc  sulphide 

layers  deposited 

on  ZrO-  assuae 

s^rtzlte  (hexagonal)  structure  as  opposed  to  the  cubic  structure  noreally 
produced  In  deposition  processes  of  slallar  substrate  teaperature. 


Reaulta  «nd  Dlscuaalon 


Although  only  a  Halted  nuaber  of  aaterlala  typea  have  been  investigated 
for  deposition  by  the  ASP  process,  it  has  proven  to  be  an  extreaely  good 
technique  for  the  deposition  of  oxide  insulating  thin  fllaa.  Host 
initial  eork  has  been  carried  out  on  the  deposition  of  ^^2^3’  ^*^2 
PbT;0, .  Thus  far,  the  respective  acetylacetonate  derivatives  have  proven 
to  be  the  aost  successful,  thin  fllaa  with  good  unlforalty  and  thickness 
control  being  achievable  in  a  siaple  deposition  systea.  In  all  cases, 
growth  rates  are  siallar  and  in  the  range  M}.4-1.0pa/h.  Beat  growth 
conditions  at  present  are  deteralned  as; 


Source  Meter 

Solvents 

Concentration 

PbTlOg 

lead-2-ethylhexsnoate 

Acac,  IPA 

0.05M 

tltaniua 

ethoxlde 

-  1:4 

ZrOj 

zirconium  acetylacetonate 

QAA,  IBA 

O.OSH 

1:3 

alualniua  acetylacetonate 

DAA,  IBA 

0.025M 

propanone 

1:3:4 

Dep< 

>sltlon  Teaoerature 

Growth  Rates 

PbTiOg 

340®C 

0.5pa/h 

ZrOj 

3eo°c 

0.4|ia/h 

440®C 

0.4pa/h 

Soae 

XRO  data  for  ZrO^ 

and  PhTlOg  is  presented  below; 

XRD  Analysis 

(1)  ZrO.  Thin  Fllaa 

Asn 

32 

A 

iZl£ 

1B®15’ 

5.14 

20 

5.1 

M 

31®36’ 

2.829 

100 

2.85 

M 

3S®30' 

2.538 

80 

2.55 

me 

80®M' 

1.792 

30 

1.81 

m 

55®4«' 

1.646 

10 

1.66 
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(11)  PWlOj  Thin  Fll— 

Lsad  tltanatca  as-grown  at  substrata  teaparaturas  280-4(X>°C 
ara  aaorphoua.  Thin  fllas  of  PbTlO^  wsra  annaalad  In  air  at 
600^C.  XRD  pattams  show  tha  onsat  of  transition  froa  tha 
aaorphoua  to  cryatalllna  stata.  Thraa  broad  bands  appear  and 
these  can  be  assigned  as  follows; 


1) 

30®-22.3*  - 

(001)  and  (100) 

weak 

2) 

30®-32® 

(101)  and  (110) 

strong 

3) 

3«®-39® 

(111) 

weak 

Annealing  of  a-PbTlO^  thin  fllas  produced  a  slight  opacity 
coaparad  to  tha  as-grown  fllas.  SDAX  analysis  of  these  fllas 
conflraad  the  stolchloaetrlc  coaposition  PbTlO^. 

(Ill)  Al^Og  -  analysis  of  Al^O^  thin  fllas  Is  In  progress. 

Deposition  of  ZnS.Mn  Thin  Fllas 

In  both  ataospherlc  and  reduced  pressure  systeas,  tha  source  aaterlals 
were  zinc  diethyldlthlocarbaaate  (Zn(Bt2iitC2)2)  tricarbonyl  aethyl 
cyclopentadleneaanganase  (TCM).  Growth  rates  are  siallar  over  the 
deposition  range  exaained  in  both  systeas  with  0.15-0.2  |ia/h  being  about 
average  for  the  best  growth  conditions  (saooth,  low  scatter  fllas).  Typical 
growth  conditions  are; 


APCVD 

Source 

Tsaparature 

Carrier  Gas 

Total 
Flow  Rate 

TCM  Bubbler 

Zn(*t2«ltC2)2 

200®C 

"2 

500cB^/aln. 

SOCB^/ain. 

TCM 

5X  in  Decalin 

aabient 

Substrate  Teaperature 
400*C 

Tins 

4  hrs. 

Deposition  Area 
27caZ 
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CoaclmloiM 


In  tha  abort  tlaa  available  on  tbla  contract,  wa  have  clearly  deaonstratad 
that  It  la  possible  to  fabricate  a  eoaplete  ACmi.  device  stack  entirely 
by  CVD  Bethoda.  Tbe  ASP  process  bas  proven  to  be  very  successful  In 
depositing  unlfora  tbln  flla  Insulators  «ltb  eztreeely  slaple,  low  cost 
but  reliable  ayateaa.  Because  of  tbe  nature  of  the  process,  a  wide  range 
of  precursors  can  be  eaployed,  offering  the  possibility  of  staple  binary 
oxide  thin  fllas  or  aore  coaplex  aultlnary  oxide  systeas.  Having  solved  the 
Initial  probleas  of  source  and  solvent  aaterlals  selection,  good  quality  AI2O3 
and  ZrOj  thin  fllas  can  now  be  deposited  In  a  routine  Banner.  Thin  flla 
aaterlals  such  as  PbTlO^  appear  to  present  an  additional  problea  In  that  It, 
and  possibly  all  slallar  aaterlals,  can  only  be  deposited  under  the  present 
conditions  In  an  aaorpbous  fora.  However,  with  the  availability  of  a  flash 
annealing  technique.  It  aay  be  a  staple  Better  to  produce  fllas  of  good 
crystalline  quality.  Unfortunately,  this  squlpaent  la  not  available  to  us 
and  annealing  experlaents  were  difficult  to  carry  out  with  any  great  success 
due  to  warping  of  the  glass  substrates  at  teaperatures  in  the  region  of  SOO'^C. 

The  growth  of  ZnS;Mn  thin  fllas  by  AP  and  LPCVD  aethods  has  aet  with  a  reasonable 
degree  of  success.  Growth  rates  are  relatively  low,  but  there  do  not  seea  to 
be  any  adverse  effects  when  growing  ZnS:Nn  on  oxide  layers  at  elevated  teap- 
eratures,  although  structural  changes  are  apparent.  Noraally,  In  a  CVD  process 
of  the  type  carried  out  In  this  work,  tbe  ZnS.Mn  would  be  expected  to  be 
deposited  In  the  cubic  fora,  but  data  suggests  that  growth  on  Zr02  yields 
hexagonal  aodlflcatlon.  This  Is  extreaely  Interesting  and  aay  allow  structural 
Bodlflcatlon  of  ZnS.Mn  thin  fllas  to  deteralne  its  Influence  on  device  perforaance 
and  ultlaately  laprove  device  efficiency.  Plnlux  have  suggested  that  hexagonal 
ZnS.Mn  deposited  by  the  Alt  process  are  aore  efficient  than  cubic  fllas  deposited 
by  evaporative  or  sputtering  aethods.  Also,  by  appropriate  treataent  of  the 
first  oxide  layer.  It  aay  be  possible  to  aodlfy  grain  slse  and  deteralne  its 
Influence  on  device  efficiency. 

Clearly,  there  Is  still  auch  to  be  done  to  aove  CVD  proeesses  Into  the  aalnstreaa 
of  ACTFIL  device  research  and  developaent.  Tbe  CVD  processes  eaployed  In  this 
work  would  appear  to  offer  viable  low-cost  alternatives  to  the  expensive  evap¬ 
orative  or  sputtering  processes  currently  In  use.  However,  an  Intensive  2-3  year 
developaent  prograaae  will  be  required  to  fully  realise  the  potential  of  these 
proeeeeea.  The  current  3-aoatbly  renewable  eontraots  are,  we  believe,  actually 
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hindering  progMaa,  baeauaa  long-term  plana  for  CVD  ayateaa  davelopaent, 
full  uaterlala  and  davlee  ebaracterlaatlon  cannot  be  lapleaented.  Having 
aucceaafulljr  fabricated  the  flrat  ever  eorklng  all  CVD  ACTRL  device, 
elthln  the  parlod  of  t«o  S-aonth  contracta,  It  vould  no*  aurely  be 
appropriate  to  Initiate  a  higher  level  contlnuoua  prograaae  to  optialae 
depoaltion  control  paraaetera  and  device  aateriala  characteriatlca. 


